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a!HE  FORECAST  OF  TMPEBATURE  AND  WIND  IN  THE  UPPER  TROPOSPHEHB  AND 

LOWER  STRATOSPHERE 

(This  Is  a  translation  of  an  article  toy  A.D*  Chistyakov,  in  TTudy, 
Inst.  Piz,  Atmos.,  No  2,  1958,  (1951);  CSO;  4601-N] 

The  development  of  aviation  in  recent  years^  especially  jet-pro- 
pulsion,  has  raised  before  meteorology  a  series  of  new  problems. 

The  meteorological  protection  of  flights,  which  take  place  in  the 
upper  troposphere  (  ^\/  f  )  and  lower  stratosphere  (  iV ^  ),  has  be¬ 
come  necessary.  For  successful  flights  at  great  heights,  firstly,  a  fore 
cast  of  temperatur'a  and  wind  is  necessary.  In  turn,  a  wind  forecast  at 
any  height  is  directly  related  to  a  forecast  of  the  pressure  field  at 
the  given  level. 

The  theoretical  works  of  Soviet  scientists  -  Kifael,  Buleev  and 
Marchuk,  Obukhov  and  Monin,  -  who  are  engaged  in  the  TSIP,  GEOFIAN 
and  GGO,  considerably  broadened  our  ideas  concerning  processes  in  the 
troposphere  and  stratosphere  and  permitted  us  to  approach  the  forecast 
of  pressure,  temperature,  vertical  currents  and  wind  at  various  levels 
of  the  atmosphere. 

In  the  beginning  of  1951  I.  A,  Kibel  obtained  the  general  equations 
for  the  forecast  of  height  changes  of  isobaric  surfaces,  temperature  and 
vertical  currents  at  any  level  of  the  atmosphere; 
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—  the  height  of  an  isobaric  surface 


^  —  temperature 


“  vertical  velocity 
^  —  force  of  gravity 

£-=^2ClK<IcP  ^  (^CO  angular  velocity  of  the  earth *s  rota-- 
tion^  latitude) 


axes  of  the  coordinates 


the  £  axis  is  directed  toward  the  east^ 
the  ^  axis  toward  the  north 
the  axis  is  upward 


£  0 


<a 


is  the  radius  of  the  earth) 


£  gas  constant 

^  dry  adiabatic  temperature  gradient,  equal  to 

(  ^  —  ratio  of  specific  heats. 


Crr  —  Specific  heat  at  constant  pressure^ 
Cl/  -  specific  heat  at  constant  volume) 
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If  —  vertical  teiuperature  gradient 
^—density 

r*-  radius  of  the  circle^  on  the  circumference  of  M 


pressure 

t.  ^ 


1000  mb 
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thus,  we  have  three  equations  with  three  unknowns 
and '  VV^  which  we  jnust  determine*  In  other  words ^  it  is  necessary  to 
express  the  derivatives  with  respect  to  time  through  space  derivatives* 

For  the  solution  of  this  system  of  equations^  a  numerical  method 
was  used  by  the  author^  for  which  the  integral  through  ^  ,  which  enters 
in  the  given  equaclons_^  was  presented  by  the  trapeaold  method,  Since^ 
at  the  present  time,  maps  are  constructed  for  only  six  atmospheric  levels 
(sea  levels  850^  700^  500,  300  and  200  mb),  then  the  atmosphere  was  divided 
into  six  layers:  1000*850,  850*700,  700-500,  500-300,  300-200  and  200-0  mb* 
2>urlng  the  solution  of  the  given  system  of  equations  ^  was 
taken  variable  with  respect  to  height*  In  the  atmospheric  layer  1000- 
600  mb  ^  5  deg/km,  from  600-400  mb  ^  deg/km,  from  400-  ^ 

250  «b  y^rsis:  7  deg/km  and  above  250  mb  ^sss;  0. 

Working  formulas  were  obtained  as  a  result  of  the  numerical  solution 
of  the  given  system  of  equations 
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The  values  o£  the  coefficients  a ,  P,  CA ,  , 

produced  in  Tables  1  "  6. 

From  the  analysis  of  the  equations,  obtained  as  a  result  of  the 
numerical  method  of  solution,  it  is  possible  to  maUa  a  series  of  interest. 

lag  coxiclustonsa 

I.  v.rtle.1  «otlo«s  »t  the  Jlv.o  l.ob«le  eot*"*  ““1  ^  •“•”'‘- 
les  1£  1.  the  .n«..ph.tle  Uyer.  l.el»,  the  »Ive.  level  /?><?, 

.hil.  Uyere  eh.v.  thl.  eutl.ee  /  •  v.etlt.l  .«ti».  vUl  b.  ee- 

cetelihg  .lee,  .•»"  A^O  1»  the  l»..e  -o.phetle  l.y.e.  enh  steetee 
t„  V.IV.  the.  l«  the  h».e  -t^-eyheelc  Uyete.  yi«.Uy,  the  vettU.l  ~- 

tlohs  win  i>.  eetenSlhg  If  below  the  given  l.oberlo  sntl.ce  /? 

o  t.  A  uhich  is  also  less  t!\an  aerh  above  the 

and  smaller  la  value  than  /I  t 

given  surface* 

Theveetltel  .»tl.«  .t  the  level  of  the  given  l-bnel.  .oef.e.  wlU 


Values  of  the  csoefficients  — Cj 


T  a  6  -  t  im  a  i 


Isobaric  Surface 


Values  of  the  coefficients  — 
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Isobaric  Surface  j  b,  b. 
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0.070 
—0.010 
—0,009 
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--0,003 
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—0,0-1 9 
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Values  of  the  coefficients 
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Values  of  the  coefficients 


Isobaric  Surface 


TaCjiana  5 


Values  of  the  coefficients 
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700 

500 

300 
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I  0, 

--OjOl  0,95 

—0,01  ^,05 

—0,01  —0,05 

0,0f^  —0,02 

0,00  —0,01 


0  0 
—0,05  —0,04 

0,94  —0,10 
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-0,05  —0,15 

—0.05  —0,15 


0  0 

—0,02  —0,01 

—0,05  —0,02 

—0,12  — 0,04 

0,?^S  —0,13 

—0,32  0,32 
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0  — 0,0f^ 

0,U  0 

0,10  0,14 

—0,03  0 


0  0 

-0,02  —0,11 

—0,04  —0,02 

—0,11  —0,06 

0  —0,22 

4-0,0^  0,02 
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be  descending  for  the  reverse  distribution  of  A  through  height. 

The  calculation  of  these  component  vertical  velocities  for  a 
sufficiently  gx^eat  number  of  cases  showed^  that  in  the  stratosphere 
and  troposphere  they^  as  a  rule^  have  a  different  sign®  The  levels  at 
which  these  component  vertical  velocities  are  equal  to  zero^  in  a 
majority  of  cases  was  situated  between  the  isobaric  surfaces  300  and 
200  mb  and  seldom  was' below  the  300  mb  surface  or  above  the  200  mb  surfacco 
2o  The  increase  of  temperature  (heat  flux)  due  to  advection^  con- 
densatiouj,  radiation  and  insolation  etc*  is  accompanied  by  ascending  mo¬ 
tion^  while  a  decrease  of  temperature  (heat  outflux)  by  descending  mo¬ 
tion#  Therefore  local  changes  of  temperature  are  partially  compensated 
by  adiabatic  cooling  or  cooling  due  to  vertical  motions^  which  give  rise 
to  temperature  changes.  In  the  troposphere^  where  ^  5^1  deg/lcu^ 

the  vertical  motions  which  appear  due  to  influx  or  outflux  of  heat  in  the 
atmosphere  reduces  the  local  temperature  changes  approximately  by  0,1- 
0,2^  while  in  the  stratosphere^  where  ^  0^  they  reduce  the  local 

temperature  changes  by  0,7 “0,8# 

3,  Vertical  motions  depend  not  only  on  temperature  variations  at 
the  level  of  the  given  isobaric  surface#  They  also  depend  on  temperature 
variations  in  other  atmospheric  layers#  In  conformance  with  thls^  if  a 
ttoperature  rise  is  observed  in  the  troposphere^  then  ascending  motion 
arises  not  only  in  the  troposphere^  but  also  in  the  stratosphere;  and 
therefore  the  temperature  in  the  stratosphere  falls#  If  a  temperature  fall 
occurs  in  the  troposphere^  then  descending  motion  arises  in  the  s tratospherir. 
and  a  temperature  rise  occurs. 

It  is  possible  to  carry  out  calculations  of  height  changes  of  iso¬ 
baric  sur faces j  temperature  and  vertical  currents  by  means  of  the  direct 
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taking  of  derivatives  from  the  maps  of  baric  topography  and  substitution 

of  these  dataiiito  the  corresponding  formulaSo  But  since^  2^  ^ 

and  often  vary  greatly  with  tiraej^  then  calculations  curing  rapid 

development  of  atmospheric  processes  can  not  give  sufficiently  good  re¬ 
sults.  For  that  reason  we  prefer  the  graphical  method  of  prognosis<» 

For  the  graphical  method  of  prognosis^  the  baris  field  at  each  level  is 
advected  along  the  so  called  isolines  of  ]3  3  which  changes  little 
with  time. 

Isolines  of  do  not  appear  that  different  from  the  mean 

pressure  field: 


v/here 


i3  =  2  -/  /  2^" 


For  the  determination  of  advective  temperature  changes^  auxiliary 
future  maps  of  the  500  and  300  mb  surfaces  are  constructed.  Through  the 
calculation  of  the  height  changes  of  the  300  and  200  mb  isobaric  surfaces^ 
future  maps  of  these  surfaces  are  constructed.  These  maps  are  used  for 
the  wind  forecast.  We  shall  forecast  the  gradient  wind. 

Vsrification  of  the  proposed  method  on  specific  examples  showed  the 
following  results. 

The  accuracy  of  a  temperature  forecast  with  a  deviation 

was  compiled  78,47o  at  the  level  of  the  300  mb  isobaric  surface  and  77% 
at  the  level  of  the  200  mb  isobaric  surface* 

The  accuracy  of  a  wind  direction  forecast  with  a  +  30^  deviation 
was  compiled  86.2%  at  the  level  of  the  300  mb  isobaric  surface  and  82.2% 
at  the  level  of  the  200  mb  isobaric  surface. 


The  accuracy  of  a  forecast  of  wind  velocity  with  a  -b  30  km/hr  de\n'atio:i 


was  compiled  80*5%  at  the  level  of  the  300  mb  isobaric  surface  and  77.8% 
at  the  level  of  the  200  mb  isobaric  surface* 

In  figure  one  the  calculated  forecast  maps  of  the  300  and  200  rab 
isobaric  surfaces  on  12  November  1950  are  reproduced^,  x^hile  in  figure  2 
the  actual  maps  for  this  same  date. 


FOR  RRASOI^S  OF  SPEED  MD  EO  WtF 
THIS  KBPO!^  HA.S  SEB!?  HEFBODUCSD 
BLECTROBICALLy  DIBECHY  FHC«4  OUR 
COMTRACTOB'S  TYPESCRIPT 


THIS  PUSLICAKON  WAS  PffiS?AI®D  URDBB  CONTRACT  TO,  OlE 
UNITES  STATES  JOINT  RIBUCATIONS  RSSSABCH  SERVICE 
A  FEREML  GOVEB5SJ>®T  ORGANIZATION  ESTABLISHED 
TO  SERVICE  THE  TBAKSLATIOK  MTD  SEARCH  NEEDS 
OF  THE  VARIOIS  GOVERNMENT  ISSPABTMEJITS 


